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Abstract 

A to ta l  of nine intermediate 
load-center photovoltaic systems were 
carried into the construction phase 
t h i s  year. These nine systems range 
in s ize  from 20 t o  225 kWp e lec t r ica l  
output and to ta l  almost 1 MW , They 
are being instal led i n  a divgrse s e t  
of applications and locations and 
represent the bulk of the photovoltaic 
i n i t i a l  system evaluation experiments 
( I S E E )  for the intermediate load-center 
sector. Each of these experiments are 
briefly described and the status of 
the construction phase is given for 
each project. 

Introduction 

I n  November 1977, the U. S. 
Department of Energy issued a Program 
Research and Development Announcement 
(PRDA) for the design, instal lat ion,  
and operat ion of photovoltaic (PV)  
system exper iments in on-site appl i- 
cations using concentrator arrays. 
T h i s  PRDA was followed i n  Harch 1978 
with one for similar system experi- 
ments but ut i l izing f l a t  plate arrays. 
Both of these programs called for a 
phased e f fo r t  i n  which a number of 
conceptual designs would be selected 
for detailed design and then a smaller 
number of the detailed designs would 
be selected for instal lat ion and 
operation. Twenty-nine conceptual ' designs were selected for detailed 
tl~signn (1 7 onnnentratnr arrays rind 
1 2  f l a t  plate arrays). Prom these 

I detailed designs a to ta l  of f ive 
concentrator array systems and 4 
f l a t  plate array systems were 
selected for instal lat ion and 
operation. These nine systems 
are now in the instal lat ion phase. 
After instal lat ion is complete the 
PV system w i l l  be operated for a 
minimum of two years to evaluate 
the effectiveness of the PV systems 
in the particular on-site applica- 

, tions. The purpose of t h i s  paper 
; $8 t o  give a s ta tus  report on the 

system installations. 

was supported by the U. S. 
of Energy (DOE), Division 
taic., Energy Systems . 

System Descr iptions 

Table I l ists the nine experiment 
locations, s izes,  and applications. Be- 
low, each system is briefly described. 
For a more detailed system description 
the reader is referred t o  Reference 1. 

Acurex Corporation 

The Acurex Corporation of Mountain 
View, CA is instal l ing a 60 kWp system 
to supply e lect r ica l  energy to the 
Wilcox Memorial Hospital i n  Kauai, H I .  
This system ut i l izes  parabolic trough 
concentrator arrays which are oriented 
north-south and track the sun i n  the 
east-west direction. The water coolant 
for the PV c e l l s  is heated to  a maximum 
temperature of 88OC and the collected 
thermal energy is used to  provide 
domestic hot water for the hospital. 
Figure 1 is a block diagram of the 
e lec t r ica l  and thermal system. Acurex 
manufactures the parabolic trough 
collectors and either Applied Solar 
Energy Corporation (ASEC) or Solarex 
w i l l  supply the PV c e l l  assemblies. 
This project is highly endorsed by 
the State of Hawaii which is providing 
significant cost-shar ing w i t h  the DOE. 
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Fig. 1 - Electrical and thermal system 
block diagram for the Wilcox 
Memorial Hospital. -. - - r,T 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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Table I - L i s t  of prime con t rac to rs ,  system s i z e ,  loca t ion ,  and 
app l ica t ion  f o r  a l l  n ine  app l ica t ion  experiments. 

ACUREX - 60 kW CONCENTRATOR FOR KAUAI, H I  HOSPITAL 

0 APS - tS5 kW CONCENTRATOR FOR PHOENIX, AZ AIRPORT 

o BDM - 50 kW CONCENTRATOR FOR ALBUQEROUE, NM OFFICE BUILDINQ 

0 E-SYSTEMS - ST LW CONCENTRATOR FOR DALLAS-?T. WORTH, TX AIRPORT 

o QE - 110 kW CONCENTRATOR FOR SEA WORLD, ORLANDO, FL 

0 LEA CO. ELECT. - 950 kW FLAT PLATE FOR LOVINQTON, NM SHOPPINQ CENTER 

o WMSU - t 0  kW FLAT PLATE FOR EL PASO, TX UPS 

0 SAl - 150 kW FLAT PLATE FOR OKLAHOMA CITY, OK SCIENCE & ART CENTER 

0 SOLAR POWER - 180 kW FLAT PLATE FOR BEVERLY, MA HlQH SCHOOL 

Arizona Public Service  Company 

The l a r g e s t  p r o j e c t  i n  t h i s  
program is being i n s t a l l e d  by t h e  
Arizona Publ ic  Service Company a t  the  
Phoenix, AZ Airport. The system 
u t i l i z e s  225 kW of a new point-  
focusing ~ r e s n e y  l e n s  a r r a y  design by 
Motorola's Government Elect ronics  
Division. Balf the  PV c e l l  assemblies 
w i l l  be suppl ied by ASEC and the  
remaining ha l f  by Motorola's Semi- 
conductor Products Division. The 
a r r a y  is a two-axis t racking type and 
is pass ively  cooled. The e l e c t r i c a l  
energy is suppl ied t o  a new terminal 
building a t  t h e  a i r p o r t .  Figure 2 
is a block diagram of t h e  e l e c t r i c a l  
system. 

BDM Corporation 

The BDH Corporation is i n s t a l l i n g  
a roof-mounted concentra tor  system 
on t h e i r  new of f  i c e  bui ld ing in 
Albuquerque, NM. The parabol ic  trough 
concentra tor  provides both e l e c t r i c a l  
and thermal energy fo r  t h e  building.  
The Solar Kinet ics  Incorporated col-  
l e c t o r s  w i l l  produce 43OC water t o  
h e a t  t h e  bui ld ing and 47 kW of 
e l e c t r i c a l  power when combiged with 
the  ASEC suppl ied PV c e l l  assemblies. 
In t h e  summer t h e  thermal energy is 
dumped with a cooling tower. The one- 
a x i s  t racking troughs a r e  o r ien ted  
north-south. Figure 3 shows an 
a r t i s t ' s  rendering of t h e  completed 
system on the  BDM building.  

Fig. 2 - E l e c t r i c a l  system block diagram Fig. 3 - Artist's rendering O f  t h e  BDM 
f o r  t h e  Phoenix Airpor t .  . o f f i c e  bu i ld ing  with PV system 

i n s t a l l e d .  



I The phvsical plant  a t  the Dallas- 
F t .  worth; $X ~ i r g r t  is the s i t e  for 
the 27 kW system being ins ta l led  by 
the  ~ h e r ~ f  Technology Center of 
E-Systems Incorporated. This concen- 
t r a t o r  system is a l so  roof-mounted. 
It u t i l i z e s  a l inear  Fresnel l ens  
a r ray  manufactured by E-Systems with 
ASEC supplied PV cell aeeemblies. 
This system exhib i t s  the highest 
ove ra l l  convers ion e f f ic iency  of 
so la r  energy t o  useful energy of any 
of the nine projects.  On an annual 
bas i s ,  8.43% of the sunl ight  is 
converted t o  ne t  e l e c t r i c a l  energy 
and eupplied t o  a 24-hour per day 
physical p lan t  l igh t ing  load. Almost 
50% (49.3%) of the sunl ight  is con- 
verted t o  thermal energy which is 
used t o  pre-heat bo i le r  feedwater 
for  the physical plant  steam gener- 
a tor .  Figure 4 shows a sketch of the 
1-1/2 ax i s  tracking array which 
accomplishes t h i s  57.7% sunl ight  
convers ion. 

Fig. 4 - E-System's l i n e a r  Fresnel l ens  
PV concentrator array f o r  the  
Dallas-Ft. Worth Airport  i n s t a l -  
l a t i on .  

General E lec t r ic  

General E l ec t r i c  w i l l  i n s t a l l  
110 kW of t h e i r  ?-axis tracking para- 
bo l ic  ?cough ar ray  design ak Sea World 
in Orlando, FL. The e l e c t r i c a l  energy 
w i l l  power a new shark exhib i t  and 
thermal energy col lected from cooling 
the  PV c e l l s  w i l l  operate an absorption 
cooler which w i l l  supply some of the 
ch i l l ed  water used to  condition the 
water in the marine exhibi ts .  PV c e l l s  
a r e  being eupplied by Solarex. Figure 5 
shows a layout for  the baseline design 
of 330 kW (9 a r rays) .  The 110 kW 
( 3  arraysy option was chosen for  t i e  
project  t o  conserve pro jec t  funds. 

Fig. 5 - Baseline design PV system layout 
f o r  Seaworld. 

Lea County Elec t r ic  Cooperative, 
Incorporated 

A shopping center in Lovington, 
NM w i l l  serve as  the load for  a 150 kWp 
f l a t  p l a t e  system being in s t a l l ed  by 
the Lea County Elec t r ic  Cooperative, 
Incorporated. The system is ac tua l ly  
th ree  subsystems of 50 kW , each 
operating in  pa ra l l e l  w i t i  each other 
and with the Lea County Elec t r ic  grid.  
Such a modular approach is perhaps a 
forerunner of low cos t  designs of the 
future.  Solar Power Corporation (SPC) 
is supplying the f l a t  p l a t e  PV modules. 
Figure 6 is the a r t i s t ' s  concept of the  
completed system. 

~ i g .  6 - Lovington, NM shopping cen te r  
f l a t  p l a t e  array. 

New Mexico S t a t e  University 

The New Mexico Solar Energy 
I n s t i t u t e  of the  New Uexico S ta te  
University is prime contractor for  the 
smallest  system t o  be i n s t a l l ed  a s  a 
p a r t  of t h i s  program. Seventeen and 



r 
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Elec t r ic  's Newman Power Stat ion near A companion system to  t he  Lea 
E l  Paso, TX. The eystme is the only County pro jec t  is being in s t a l l ed  by 
DC system and suppl ies  power t o  the Solar Power Corporation a t  t h e  
uninterrupt ible  power supply (UPS) Beverly High School in  Beverly, HA. 
which powers the plant  control  com- The system uses the  same modular 
puter. Figure 7 is a s implif ied design a s  the Lea County pro jec t  and 
diagram of the  UPS system. The array incorporates three 50 kW subsystems. 
w i l l  be connected t o  the 134 vdc The power is fed t o  the Righ school 
output bus of one of the ba t te ry  and on weekends excess power is fed 
chargers. back in to  the g r id  and New England 

E lec t r i c  c r e d i t s  the school for t h i s  
feedback. Figure 9 is the a r t i s t ' s  

AC ~ concept of the completed Beverly 
~ n r n  i n s t a l l a t i on .  

AC 
ry, 

Fig. 7 - UPS block diagram of  E l  Paso 
E lec t r i c ' s  Newman Power Stat ion.  

Science Applications, Incorporated 

A re f lec tor  augmented f l a t  p la te  
system w i l l  be ins ta l led  a t  the 
Oklahoma Center for Science and 
A r t  (OCSA) in  Oklahoma City, OK by 
Science Applications, Incorporated 
(SAI). Solarex w i l l  supply 110 kW of Fig. 9 - Beverly High School PV array.  
semicrystal l ine s i l i con  f l a t  panelg and 
the peak system output ra t ing  w i l l  be 
increased to  150 kW with the 
r e f l ec to r  augmentatyon. OCSA is cost-  
sharing 10% of the pro jec t  cost  with 
the DOE. The array ie roof-mounted; 
Figure 8 shows the OCSA building and 
a r ray  in  a r t i s t ' s  rendering. 

Fig 

Milestones and S ta tus  

Figure 10 is a summry mile- 
s tone cha r t  fo r  a l l  nine projects .  
The key milestones shown on t h i s  
cha r t  are: 1) pro jec t  s t a r t ,  2 )  
a r i t i o a l  project  review (CPR), 
3)  s t a r t  s i t e  preparation, 4 )  
system completed, and 5)  project  
dedication. The s t a t u s  is indi- 
cated a s  of June 1, 1980. The CPR 
is analogous t o  a c r i t i c a l  design 
review plus  an updated cos t  
estimate is presented. Also, in  
the case of the  concentrator 
projects ,  prototype arrays have 
t o  have passed an environmental 
t e s t  program. The f l a t  p l a t e  
programs accomplished t h f s  hardware 
qua1 i f  i ca t ion  during the design 
phase with the exception of the 
S A I  module; some addi t ional  h a i l  
t es t ing  is required on t h a t  module. 

. 8 - A r t i s t ' s  rendering of Oklahoma I n i t i a l  system operation is 
Center f o r  Science and Art planned i n  l a t e  CY80 for  the BDM, 
Building w i t h  PV system in s t a l l ed .  NU Sta t e  UnivetSity, Lea County, 

and Solar Power projects .  A l l  other 
projects  a r e  scheduled for completion 
i n  CY81. The longer time t o  CPR for  
the concentrator projects  is due t o  ' 
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Fig. 10 - Major milestone schedule f o r  a l l  nine app l i ca t ion  experiments. 

the  hardware t e s t i n g  requirement. A t  
t he  time of t h i s  pub l i ca t ion  the  General 
E l e c t r i c  p r o j e c t  had j u s t  been i n i t i a t e d  
and schedule information was not  ava i l -  
able .  For the  most p a r t  the p r o j e c t s  
a r e  on schedule. 
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